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(57] ABSTRACT 

A substitute for bone ash suitable for the complete or 
partial replacement of bone ash in the manufacture of 
bone china (English porcelain) is obtained by the cal- 
cination of a mixture of a calcium phosphate and cal- 
cium oxide or a precursor thereof at an elevated tem- 
perature to give a sintered product of relatively low 
surface area and the grinding of said sintered product 
to form a particulate substance having the required 
characteristics for use as a bone ash substitute. 

8 Claims, No Drawings 
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BONE CHINA phosphate and monocalcium phosphate mono hydrate. 

As a calcium compound which gives calcium oxide on 

This invention relates to bone china and is concerned heating there may be used, for example, calcium car- 

with a synthetically produced substitute for bone ash. bonate (e.g.* limestone) or calcium oxalate. Alterna- 

The major constituent employed in the manufacture 5 tively, lime (calcium oxide) itself may be Used instead 

of bone china (also known as English porcelain) is of a precursor therefor. 

bone ash. the other constituents being China clay and The calcium phosphate and calcium substance are 
Cornish stone. Bone ash is a calcined and ground prod* advantageously mixed in proportions such that after 
net obtained from cattle bones following the extraction the calcining step (b), the Ca:P ratio lies in the range 
therefrom of glues and is chemically a calcium phbs- 10 of from 1:1 to 2:1, preferably from 1.5:1 to 1.75:1. The . 
phate which approximates to the formula of hydroxy- two compounds can be mixed by conventional blending 
apatite, namely Ca 3 (P0 4 ) 3 OH. techniques. If desired, a sintering aid, for example so- 
Various attempts have hitherto been made- to pro- dium carbonate or potassium carbojiate, may be incor- 
duce a substitute for bone ash but none has given rise porated in the mixture. 

to a commercially useful product owing to various 15 There may be incorporated in the mixture formed in 

problems and disadvantages encountered therewith. In step, (a) a fluxing agent of the type normally employed 

these earlier attempts, three main sources of calcium in the production of bone china, for example .nep he line 

phosphate have been studied as possible bone ash sub- syenite, feldspar or stone, so as to obviate the necessity 

stituies. namely dicalcium phosphate, tricalcium pnos- of subsequent addition of the fluxing agent when the 

phate and rock phosphates. It was found, that with di- 20 bone ash substitute is used in the production .of bone 

calcium phosphate, a number of drawbacks were 1 en- china. 

countered including low vitrification temperature for The calcining step (b) is : effected at a temperature of 
the ware which in production would require changing at least 900 tt C. and preferably in the range of from 900° 
the glazes and decoration normally employed when to 1 ,200°C. in order to produce a sintered product hav- 
using bone ash, and short firing range making the ware 25 j n g a surface area of less than 5 m. £ g. _l and preferably 
highly sensitive to firing temperature and therefore ne- below 1.0 m.'g." 1 (as measured by the B.E.T. nitrogen 
cessitating careful temperature control. With trical- adsorption technique). The calcination can be carried 
cium phosphate, which was in fact precipitated hydrox- out by conventional techniques. : ■ . ■. 
yapatite, it was found that the chemical processing of The sintered product obtained in step (b) is ground 
the material made it too expensive for commercial use. 30 so as to provide particles which will be of a size such 
Furthermore the product normally obtained by precipi- that the packing characteristics of an mnfired china 
tation is very fine-grained with a surface area greater body containing the bone ash substitute' can be con- 
than 20 square metres per gram, compared with the trolled and acceptable firing contractions obtained, 
surface area of bone ash which is normally less than 10 Thus the sintered product will normally be ground to 
square metres per gram. The smaller particle size of the 35 a mean particle size (on a weight percentage basis) of 
precipitated hydrox yapatite upsets the packing charac- from 0.5 to 10 jim (e.s.d. ) - equivalent spherical diame- 
teristics of the un fired china body and gives rise to ter) as determined by the . sedimentation technique 
higher linear firing contractions, for example 21% com- using a hydrometer. Preferably the bone ash substitute 
pared with typical contractions of \ 59c. With a bone will be ground to a mean particle size in the range of 
ash substitute obtained from rock phosphates, the fired' 40 from 2.5 to 3.0 ftm (e:s.d.). The grinding of the sin^ 
colour of the ware was found to be poor owing to the tered product can be carried out by conventional tech- 
high proportion of impurities such as iron and chro- niques, for example by wet grinding in a ball mill, 
mium therein and the translucency of the ware was The nature of the product obtained by the process 
found to be low. Furthermore before commercial use described above will depend on the Ca;P ratio em- 
the material would require defluorination to prevent 45 ployed. Thus the product may be tricalcium phosphate, 
pollution hazard from the firing of rock phosphate- Ca 3 (P0 4 ) 2 , either alone or with hydroxyapatite, with or 
containing ware. without a small proportion of free lime. Since the Ca:P 

It is an object of the present invention to provided ratio affects the vitrification temperature of bone china 
complete or partial substitute for bone ash which; be- bodies made from the product, variation of the Ca:P 
cause: of its properties and cost, will be commercially . ratio can be used to effect control over the r firing tern- 
attractive as an alternative to natural bone ash in the' perature of the bone china bodies. Hence if desired, the 
production of bone china. product may be blended with ground limestone in 

According to- the invention a 'bone ash substitute is order to increase the^ Ca:P ratio and hence vary the- fir- 
obtained by (a) mixing a calcium phosphate with a cal- ' ing temperature. ' ' --.-i. 
cium substance selected from calcium oxide and' com- The following Examples illustrate the invention, 
pounds which on heating decompose to form calcium " , i : 
oxide; ( b) calcining* the resulting mixture at a tempera- : ; = EXAMPLE 1 
ture of at least 900°C. so as to form a sintered product Dicalcium phosphate dihydrate and ground lime- 
having a surface area of less than 5 rh; 4 ^." 1 ; and (c) 6Q stone were dry blended to form a mixture containing 
grinding the resulting sintered product to a mean (on 90. 1 % by weight of the former and 9.9% by weight of 
a weight percentage basis) particle size in the range of ttier latter, so as to give after calcination a Ca:P ratio of 
from .0.5 to \0 micrometres (/urn). 1.5:1; .. ; 

The calcium; phosphate employed in step ( a ) may be The mixture was calcined in a sagger (fire clay cori- 

an anhydrous or hydrated calcium phosphate. Exam- 65 tainer) at 1,150^. for one hour. Powder X-ray diffrac- 

ples of phosphates which may be used^aTe dicalcium • - tion examination of the resulting sintered product 

phosphate, dicalcium phosphate dihydrate, calcium shdwed that it contained tricalcium phosphate. The 

metaphosphate. calcium pyrophosphate, monocalcium product had the following characteristics: ' 
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CaO (wt. <*) 
P*Oa(wl. *) 
Free lime (wt,<* CaO) 
B.E.T. surface 
area (mf.g. -1 ) 



52.6 
45.2 
0.2 

0.5 



The sintered product was then ground with water in 
a ball mill until the mean particle size was between 2.5 
and 3.0 pm to provide a product which was then used 
in place of bone ash in the production of bone china, 
sufficient limestone being added, if desired, to give a 
higher Ca:P ratio in the resulting bone china. 

EXAMPLE 2 

The procedure of Example I was repeated but using 
a starting mixture containing 84.4% by weight of the 
dicalcium phosphate dihydrate and 15.6% by weight of 
limestone, so as to give after calcination a Ca:P ratio of 
1.65:1 which is similar to natural bone ash. 

The sintered product consisted of tricalcium phos- 
phate and hydroxyapatite with some free lime, and had 
the following characteristics: 



10 



15 



20 



CaO (wt. *) 

P 2 0 4 <wt *) 

Free lime (wt.* CaO) 

B.E.T. surface area 

<m*g.-') 



54.9 
42.2 
7.6 

0.8 



25 



The sintered product was ground with water in a ball 
mill until the mean particle size was between 2.5 and 
3.0 fim and the resulting ground product was used as 
a bone ash substitute in the manufacture of bone china 
without the addition of any extra limestone. 

EXAMPLE 3 

The procedure of Example 1 was repeated but using 
a starting mixture of 81.6% by weight of the dicalcium 
phosphate dihydrate and 1 8.4% by weight of limestone, 
so as to give after calcination a Ca:P ratio of 1.75:1. 

The sintered product consisted of tricalcium phos- 
phate and hydroxyapatite with some free lime, and had 
the following characteristics: 



CaO (wt. #) 
p,0, (wt. <*) 
Free time (wt.* CaO) 
B.E.T. surface 
area (m*.g.~' ) 



56.7 
41.0 
13.4 

0.8 



to 1,150°C. over 48 hours, holding at this temperature 
for 2 hours, and then cooling over 24 hours. 

The resulting sintered product was ground by wet- 
milling in a ball mill until the particle size, measured by 
the hydrometer technique, was 50% less than 2.7 /un. 

The resulting ground product was then used as a 
bone ash substitute in an otherwise conventional bone 
china formulation. The workability of plastic bodies 
made from this formulation did not differ from that of 
plastic bodies made from a conventional bone china 
formulation. 

EXAMPLE 5 

A mixture of 88.5 % by weight of dicalcium phos- 
phate dihydrate and 1 1.5% by weight of ground lime- 
stone was formed by blending wet in a ball mill for a 
short time, so as to mix the two materials without much 
grinding taking place. This mixture gives a Ca:P ratio 
of 1.5:1 after calcination. 

The resulting slurry mixture was dried and then fed 
into a calcination kiln of the type normally used for the 
calcination of bone ash. Calcination was carried out for 
about 1 hour at 1 ,1 50°C. The resulting sintered product 
consisted of tricalcium phosphate and had the follow- 
ing characteristics: 



30 



CaO(wt. *) 

P t Q»(wt.*) 

Free lime (wt.9r CaO) 

B.E.T. surface area 



52.5 
45.5 
<0.05 

0.27 
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The sintered product was ground with water in a ball 
mill until the mean particle size was between 2.5 and 
3.0 and the resulting ground product was used as 
a bone ash substitute in the manufacture of bone china ^ 
without the addition of any extra limestone. 

EXAMPLE 4 

After analysis for P,O ft , CaO and loss on ignition, 
commercial dicalcium phosphate dihydrate was 
blended with ground limestone of particle size less than 
300 mesh (B.S.S.) to give a mixture containing 84% by 
weight of the former and 16% by weight of the latter, 
which mixture gives a Ca:P ratio of 1 .5:1 after calcina- 
tion. 

The mixture was loaded into saggers and subjected to 
calcination by firing through a tunnel kiln. The calcina- 
tion consisted of a substantially linear temperature rise 



60 



65 



The sintered product was ground by wet-milling in a 
ball-mill to a mean particle size of 50% between 2.5 
and 3.0 $tm. 

The ground product so obtained was then blended 
with ground limestone to give a mixture containing 
91.2% by weight of the ground product and 8.8% by 
weight of the limestone, the mixture having a Ca:P ratio 
of 1.65:1. The mixture so obtained was then used as a 
bone ash substitute in the manufacture of bone china. 

What is claimed is: 

1. A synthetic bone ash substitute suitable for use as 
a complete or partial replacement for bone ash in the 
manufacture of bone china by conventional pottery 
methods, being the product obtainable by (a) produc- 
ing a mixture consisting essentially of a calcium phos- 
phate and a calcium substance selected from calcium 
oxide and compounds which on heating decompose to 
form calcium oxide, said calcium phosphate and said 
calcium substance being mixed in proportions such that 
after the subsequent calcining step (b) t the Ca:P ratio 
lies in the range of from 1:1 to 2:1; (b) calcining said 
mixture at a temperature of at least 900°C. so as to 
form a sintered product having a surface area of less 
than 5 m.'g. -1 ; and (c) grinding the resulting sintered 
product to a mean particle size in the range of from 0.5 
to 10/un to obtain the required product. 

2. A bone ash substitute as claimed in claim 1, 
wherein the Ca:P ratio lies in the range of from 1.5:1 
to 1.75:1. 

3. A bone ash substitute as claimed in claim 1, 
wherein the calcining step (b) is effected at a tempera- 
ture in the range of from 900° to 1,200°C. 

4. A bone ash substitute as claimed in claim 1, 
wherein the sintered product has a surface area below 
1.0 m.'g." 1 . 



09/29/2001, EAST Version: 1.02.0008 



3,8< 

5 

5. A bone ash substitute as claimed in claim 1, 
wherein the sintered product is ground in step (c) to a 
mean particle size in the range of from 2.5 to 3.0/un. 

6. A bone ash substitute as claimed in claim 1, 
wherein the calcium phosphate is dicalctum phosphate 
dihydrate and the calcium substance is calcium carbon- 
ate. 



,841 

6 

7. A bone ash substitute as claimed in claim 1, 
wherein after step (c) ground limestone is blended with 
said required product in order to increase the Ca:P ra- 
tio. 

8. Bone china comprising china clay, cornish stone 

and the bone ash substitute of claim 1. 

* * + * + 
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